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ABSTRACT 
The results of multifunctional polarization-phase mapping of histological sections of adenoma and prostate carcinoma 
are presented. Used methods of statistical and wavelet analysis. The criteria for differentiation of benign and malignant 
conditions are obtained.  
Keywords: biological crystals, polarization-phase mapping, of benign and malignant conditions 
1. Introduction 
The processes of conversion of the parameters of laser electromagnetic radiation in the optical wavelength range with 
biological objects are considered in many approximations: 
• photometry and spectrophotometry (light scattering optics) 1,2; 
• polarimetry (vector - parametric and matrix optics) 3,4; 
• Corelometry (correlation optics, fractal and singular optics) 5–12. 
In recent years, new approaches have emerged on the basis of these directions to the study of scattered radiation fields — 
laser polarimetry of biological layers 
13-19
. 
Within this research direction, it was possible to determine the fundamental relationships between a set of statistical 
(moments of the 1st - 4th order), correlation (autocorrelation functions), fractal (fractal dimensions) and singular (a 
network of points with polarization singular states) characterizing the distribution of directions optical axes and 
birefringence values of histological sections of biological tissues and coordinate distributions of azimuths and ellipticity 
of polarization of their laser microscopic images 
15
. 
However, in the processes of laser radiation conversion by amorphous biological layers, polarization modulation is 
practically absent. However, the phase distributions of microscopic images of such objects remain informative. 
Therefore, the further development of new approaches to the analysis of the phase structure of microscopic images of 
weakly anisotropic (amorphous) biological layers is relevant. 
2. Experimental research methods  
2.1. Polarization phase metering system 
The optical scheme of the implementation of this method is shown in fig. 1 
14
. 
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Fig. 1. Optical scheme of the polarimeter - phase meter, where 1 - He-Ne laser; 2 - collimator; 3, 5, 8 — stationary quarter-wave 
plates; 4, 9 - polarizer and analyzer, respectively; 6 - the object of study; 7 - micro lens; 10 - CCD camera; 11 - personal computer. 
For information on the phase-shifting ability of histological sections of biological tissues and polycrystalline films of 
biological fluids 6 transmission plane and the direction of the main optical axes of the main polarization elements - 
polarizers 4; 9 and phase plates "
4
"  3; 8 - oriented at angles  045  and  0135 . 
Under such conditions, the intensity of each point of the polarization-filtered image of histological sections of biological 
tissues and polycrystalline films of biological fluids is determined by the ratio 
5,0sin2 2I .                                                                                       (1) 
Here I  is the intensity of the digital microscopic image in each individual pixel of the digital camera;   - phase shift, 
which is introduced by the substance of a biological preparation and characterizes the degree of its crystallization. Thus, 
the coordinate distribution of the phase shifts of the polycrystalline component of the histological section can be 
obtained. 
Thus, it is possible to obtain the coordinate distribution of the phase shifts of the polycrystalline component of the 
histological section  nm . 
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2.2. Wavelet analysis of phase maps of microscopic images of histological sections of the bening (group 1) and 
malignant (group 2) samples 
The results of the wavelet analysis of phase maps of microscopic images of FB histological sections are shown in a series 
of fig. 2 - fig. 3. 
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Fig. 2. Two-dimensional distributions  of phases  yx, , wavelet coefficients baQ ,  and their different-scale sections baC ,15  and 
baC ,55  for microscopic imaging of the histological section of biotissue from group 1 
 
Fig. 3. Two-dimensional distributions  of phases  yx, , wavelet coefficients baQ ,  and their different-scale sections baC ,15  and 
baC ,55  for microscopic imaging of the histological section of biotissue from group 2 
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A comparative analysis of the results of the study of the wavelet coefficient maps of the coordinate distributions of the 
phases of polarization-filtered microscopic images of histological sections of tissue (group 1) revealed distinct 
differences between them at the level of small scales mina  of the MHAT function. This fact is also indicated by the large 
modulation depth of the “small-scale” dependences baC ,15  characterizing the degree of crystallization. 
This fact can be attributed to the fact that the morphological changes in this sample  do not occur at a large scale, but at a 
small scale level. Due to this, the modulation depth of the amplitudes of the wavelet coefficients on small mina  scales of 
scanning of the wavelet function ba,  of phase maps increases. Quantitatively, this is reflected in the growth of the 
dispersion    fCM bai ,152  and the statistical moments of higher orders    fCM bai ,154;3 - table 1. 
 
Table 1 Statistical moments of the 1st - 4th orders characterizing the distributions baC ,15  and baC ,55  wavelet coefficients of the 
phase maps of microscopic images of histological sections of FB 
a   Group 1 Group 2  
15min a   0,05 0,009 0,19 0,001 
 0,08 0,052 0,26 0,038 
 0,21 0,041 0,81 0,032 
 0,28 0,029 0,97 0,13 
55max a   0,04 0,007 0,07 0,006 
 0,11 0,036 0,22 0,031 
 0,54 0,072 0,31 0,018 
 0,97 0,12 0,59 0,11 
 
Conclusions 
The following quantitative criteria for statistically significant differentiation of bening (group 1) and malignant (group 2) 
samples were established.  
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Thus, the method of wavelet analysis of the phase distribution of microscopic images of bening (group 1) and malignant 
(group 2) samples  is 2-3 times more sensitive than direct phasemetry
13-19
, which significantly expands the functionality 
of the time differentiation of such objects. 
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